As a large agricultural nation, China attaches great importance to agricultural development, as sustainable, regional agricultural development affects the sustainable development of China. Taking Chengdu, Sichuan Province as an example, this paper selected indicators and data from the past 15 years from the Chengdu Statistical Yearbook and applied the dissipative structure theory to establish an evaluation system for sustainable, regional agricultural development based on five main factors including economy, society, environment, education, and population. The entropy weight method was used to empower each indicator, and the changes in Chengdu's sustainable agricultural development in the past 15 years were calculated. It was found that Chengdu's sustainable agricultural development has been annually increasing, among which, economic and education subsystems had the greatest support for sustainable agricultural development. From 2003 to 2017, the entropy change of the total agricultural sustainable development system in Chengdu was negative, and the total entropy of the system gradually decreased. The sustainable agricultural development system in Chengdu has been developing towards a more orderly dynamic equilibrium state.
Introduction
As agriculture is an economic activity, a livelihood, and a provider of environmental services, it contributes significantly to a country's development [1] . Sustainable development, a concept that emerged in the context of a growing awareness of an imminent ecological crisis, seems to have been one of the driving forces of world history in the period around the end of the 20th century [2] . For agricultural development to be sustainable, however, there needs to be a balance between the economy, the environment, and the society [3] . Because agriculture is the foundation of China's national economy, the sustainable development of regional agriculture, which involves the interaction of many factors such as nature, the economy, society, population, and the environment, is fundamental to sustainable, regional development [4] . Since the reform and opening up, China has promulgated many policies to boost agricultural development, which have assisted in enhancing ecological construction, environmental protection, and agricultural resources. However, China's agricultural development also faces enormous challenges. China has the largest population in the world. However, the per capita agricultural resources are not high; the overall level of economic development is weak; degradation is being experienced in the ecosystems, the soil, and the water; and there has been a significant Five or more indicator dimensions Hui Liu 1997 Siavash Fallah-Alipour 2018
Research Methods
Liu [4] believes that comprehensive, innovative evaluation methods are needed when seeking to assess sustainable agricultural development at different stages in the past. Yu [17] adopted a DPSIR (drivers, pressures, state, impact, and response) intervention model to describe development of the sustainable agricultural system on the macro scale; Cao [18] used an expert opinion method and the analytic hierarchy process (AHP); and while Cui [10] , Li [19] , and Yuan [20] built evaluation systems based on different theories, all employed the entropy weight method to assign weights to and evaluate each index. Other studies have used a variety of different methods, such as data envelopment analysis (DEA) [11] , the close value method [9] , factor analysis [13] , multicriteria decision analysis [21] , Wroclaw taxonomic method [22] , correlation analysis, multiple correspondence analysis [23] , and technique for order preference by similarity to an ideal solution (TOPSIS) [19] .
Even though the above-mentioned methods have been able to successfully evaluate sustainable agricultural development and measure subsystem coordination, in this paper, based on accurate and rigorous research results, a more objective entropy method is used to ensure that the evolutionary sustainable development process can be fully revealed. Therefore, this paper employed dissipative structure theory to establish a sustainable, regional agricultural development evaluation system, with the indexes being selected using entropy weights. In effect, the innovations of this paper are as follows.
(1) To ensure a more scientific and comprehensive evaluation of the sustainable development of regional agriculture, a new model was proposed to evaluate the development of regional agriculture, which had five subsystems and associated subsystem indicators. Relevant past data were then interrogated, and the entropy change and weight of each index in each year were calculated to assess the sustainable development of the whole region. (2) Based on previous studies, this paper also proposed an education subsystem as part of sustainable agricultural development, with a focus on education changes and the number of people educated.
This paper synthesized influences from various factors and used the theory of dissipative structure to determine the specific evolutions in sustainable, regional agricultural development. Based on the factors that influenced entropy change, a targeted index system was established that measured the evolution of sustainable agricultural development in Chengdu over 15 years. As the entropy weight method was used to determine the indicator weights, it provided an objective view of sustainable agricultural development over time.
Introduction to the Dissipative Structure and Establishment of the Subsystems

Dissipative Structure Theory
Professor Prigogine, a Belgian scientist, first proposed dissipative structures to describe the ordered and disordered state of an object [24] . Dissipative theory claims that in a nonequilibrium system, the system exchanges material and energy with the outside world, and when these exchanges reach a certain degree, the system changes from the original disordered state to an ordered state in time and space, which is known as a dissipative mechanism.
3.2. Introduction to Dissipative Structure for Sustainable, Regional Agricultural Development Sustainable, regional agricultural development has a dissipative structure that involves interactions between the economy, society, environment, education, and population. First, the sustainable agricultural development system is a large-scale, open system that is independent to a certain extent but continuously interacts with the outside world through its material, energy, and information flows. Second, when the system is in or near equilibrium, the matter and energy distributions in each system subsystem are uniform, but when in a nonequilibrium state, the subsystems are mutually constrained, related, and dependent. Therefore, the whole development system has "dynamic equilibrium" and an orderly structure. Third, the subsystems within the development system are independent of each other but interact and have nonlinear internal elements. Fourth, the internal factors and subsystems are affected by the external environment and change, which can lead to "fluctuations".
Construction and Analysis of the Index System
The theory of dissipative structure states that as long as the negative entropy of a system increases through a constant exchange of various factors between itself and the outside, the total entropy of the system continues to decrease, and the whole system gradually develops in an orderly direction. The degree of order of the system is usually expressed in terms of "entropy changes" [25] , with an entropy increase being defined as a spontaneous orderly to disorderly development process. Negative entropy, however, is the opposite; that is, because of the substance or energy exchanges between the system and the outside world, the system's entropy decreases and develops in a more orderly direction. When analyzing sustainability, we should be aware of the fact that the concept of "sustainable development" is multidimensional [23] . Based on the theory of dissipative structure, and rational and scientific sustainable regional agricultural development system indicators that reflect the current situation in Chengdu, the index system constructed in this paper was composed of five subsystems-economy, society, environment, education, and population-for which specific indicators were selected based on the following logic.
As sustainable development of the economy refers to reasonable economic development, sustainable agricultural development plays a role in promoting sustainable economic growth. The relationship between economic growth and environmental quality has been a source of great controversy for quite a long time [26] . Under a sustainable development system, people protect natural resources, build an ecological society, and ensure ecological balance, which lowers input costs, encourages better crop growth, and ultimately improves crop output and efficiency. Therefore, annual per capita gross agricultural production value, per capita grain output, and the per capita disposable income of the rural residents in Chengdu were taken as the indicators to reflect whether the regional agricultural development economy was sustainable [19] .
Social development should be people-centered, focused on improving people's quality of life, and meeting their growing material and cultural requirements, while not threatening the survival and development capacity of future generations [27] . One of the goals of sustainable development is to guarantee overall societal progress. As economic growth cannot fully reflect this perspective, the social subsystem is focused on improving the quality of human life. Therefore, the social subsystem indicators selected in this paper were the urbanization rate and the per capita living area of rural residents [1, 18] .
Environmental sustainability refers to the maintenance of good environmental conditions to enable the development of agriculture and crop production while protecting the natural environment and effectively coordinating the relationship between humans and the environment. In the process of production, many chemical fertilizers and pesticides are applied, which leads to overexploitation of some agricultural resources and serious overdraft [19] . Thus, the environmental subsystem sustainability indicators [7, 19, 20] were pesticide use intensity, which gives us information regarding the toxic products released into the environment [7] , agricultural fertilizer use intensity, and agricultural plastic film use intensity, as the use of pesticides, chemical fertilizers, and plastic film has a negative impact on the environment, can affect the production of crops and aggravate environmental pollution, and can even endanger social health. Therefore, the use of these three indicators can measure the degree of environmental pollution and environmental sustainability.
Educational programs have been regarded as essential elements for sustainable development [28] . The educational subsystem is established in this paper as part of the evaluation, as it is believed that sustainable development is a type of education. While sustainable development sees the "economy, society, and the environment" as the development goals, education plays an important role in each of these systems. Additionally, there is growing attention toward sustainability education as an important means for addressing environmental issues and accomplishing sustainability. The United Nations Educational, Social, and Cultural Organization (UNESCO) refers to education as a foundation for sustainable development as well as economic growth, peace, and responsible global citizenship [28] . Science and technology are important means to realize sustainable development of agriculture. Farmers in China have a low level of technology proficiency in applying it to agricultural production in practice. Influenced by the low cultural quality of peasants and challenged by illiteracy, the majority of peasants in China are skeptical with adopting science and technology in their agricultural practice in the first place. Unable to read and write also means they cannot effectively master knowledge and skills that can improve crop yields and efficiencies [29] . At present, China's agriculture has entered a new stage of development. The pulling force of agricultural policy effectiveness has been greatly weakened. The decisive driving force of sustainable agricultural development will come from the development of agricultural science and technology. Only through agricultural science and technology can we revitalize agriculture. Upgrading agricultural science and technology is closely related to the level of culture and education in a region. Moreover, education and cultural level can improve the personnel management level and environmental protection awareness in the region. Three factors-universities, teachers, and students-are positively correlated with agricultural development; thus, it is necessary to consider the selection of indicators related to these three factors [30] [31] [32] . Therefore, to measure the cultural subsystem, education indicators were selected with the reasoning that when education is developed, the overall quality of the people is improved, which allows for increased economic development, environmental protection, and ultimately overall sustainable development. Indicators to measure the level of rural education have also appeared in previous papers [9] .
Population has been used as a subsystem or indicator in sustainable agricultural development systems [1, 12, 19] . Academics generally believe that sustainable agricultural development is a complex system that covers the population, economy, resources, environment, and society [20] . The number, structure, and regional population density determines the healthy development of agriculture and also involves economic development. Therefore, the natural population growth rate was chosen as the index.
Following the principles of scientific soundness, completeness, rationality, operability, effectiveness, and comparability, the regional agricultural sustainable development system measurement index system was constructed from the five dimensions of economy, society, environment, education and population (Framework of ESEEP). On the basis of the dissipative structure theory and entropy change, the index and data system (based on the ESEEP framework) were established to assess sustainable, regional agricultural development from five aspects: economy, society, environment, education, and population (as shown in Table 2 ). Per capita gross agricultural production value (CNY/person) C11 Profit index [33] Per capita grain output (kg/person) C12 Profit index [33] Per capita affordable income of rural residents (CNY/person) C13 Profit index [33] Social Subsystem (S) Urbanization rate (%) C21
Profit index [33] Per capita living area of rural residents (m 2 /person) C22 Profit index [33] Environment subsystem (En)
Pesticide use (tonnes) C31 Cost index [33] Application of agricultural chemical fertilizer (10,000 tonnes) C32 Cost index [33] Agricultural plastic film usage (tonnes) C33 Cost index [33] Educational subsystem (C)
Number of institutions of higher education C41
Profit index [33] Number of teachers in universities (10,000 people) C42 Profit index [33] Number of students in general institutions of higher learning (10,000 people) C43 Profit index [33] The illiteracy or semi-illiteracy rate in rural areas (%) C44 Cost index [33] Population subsystem (P) Natural population growth rate (% ) C51 Profit index [33] 
Document Data Sources
The data in this paper mainly came from three columns in the Chengdu Statistical Yearbook (2003-2018): "Comprehensive", "Agriculture", and "Science, Technology, Education, and Culture".
Computational Steps and Analysis of Results
Basic Measurement Model Principles
The theory of dissipative structure states that as long as the negative entropy flow of a system increases through constant exchange between itself and the outside, the total entropy of the system continues to decrease, and the system gradually develops in an orderly direction. The degree of order of a system is usually expressed in terms of "entropy changes" [19] , and the basic formula for dissipative structure theory is dS total = dS 1 + dS 2 , which is the sum of the entropy increase and the entropy flow. The theory of information entropy can be used to evaluate the sustainable development of regional agriculture and calculate the specific index information entropy and the annual information entropy. Index information entropy determines the weight of each index, which is then used to assess the changing sustainable regional agricultural development characteristics, with the annual information entropy describing the changing trends. A technical roadmap for measuring the sustainable development of regional agriculture is shown in Figure 1 . 
Specific Evaluation Procedures for the Entropy Weight Method
Analysis on the Sustainable Development Level of Agriculture
To evaluate the sustainable, regional agricultural development level of a region in m years, there are n evaluation indicators in the whole evaluation system, from which the original evaluation system matrix X is developed, of which is the value for index j in the first year.
The index weight is determined using index information entropy . First, the original index data are processed using a "0-1 standardization", with the value being between [0, 1]. The original data is converted to a relative number . The formulas for the profit index are:
The formulas for the cost indicators are:
Second, the relative number is then subject to a data shift to prevent negative numbers occurring in the subsequent calculation. The formula for data translation is:
where A = 1. After the data shift, new data is obtained. The specific data are shown in Table 3 . 
Specific Evaluation Procedures for the Entropy Weight Method
Analysis on the Sustainable Development Level of Agriculture
To evaluate the sustainable, regional agricultural development level of a region in m years, there are n evaluation indicators in the whole evaluation system, from which the original evaluation system matrix X is developed, of which X ij is the value for index j in the first year.
The index weight W i is determined using index information entropy E i . First, the original index data are processed using a "0-1 standardization", with the value being between [0, 1]. The original data is converted to a relative number Z ij . The formulas for the profit index are:
Second, the relative number Z ij is then subject to a data shift to prevent negative numbers occurring in the subsequent calculation. The formula for data translation is:
where A = 1. After the data shift, new data Y ij is obtained. The specific data are shown in Table 3 .
Next, the entropy value e j and entropy weight w j for the selected index are calculated. The formula for entropy value e j is:
where, k = 1/ ln m, and
After calculating the entropy value e j , the weight of each index is determined by
The calculated weight w j of each index is shown in Table 4 . Finally, the standardized data p ij of each index obtained from the initial calculation are multiplied by the weight w j of each index, from which the entropy changes in each year for each subsystem are obtained. The specific calculation formula is as follows:
The sustainable development level of agriculture in Chengdu D ij is shown in Table 5 , the development levels of the agricultural subsystems are shown in Figure 2 and the sustainable development level of agriculture in Chengdu is shown in Figure 3 . Finally, the standardized data of each index obtained from the initial calculation are multiplied by the weight of each index, from which the entropy changes in each year for each subsystem are obtained. The specific calculation formula is as follows:
The sustainable development level of agriculture in Chengdu is shown in Table 5 , the development levels of the agricultural subsystems are shown in Figure 2 and the sustainable development level of agriculture in Chengdu is shown in Figure 3 . 
Calculating Entropy Change of the Agricultural Sustainable Development System
In the process of system development, the entropy variance mainly comes from two parts: the increase of entropy generated in the internal operation of the system and the exchange of entropy between the system and the external environment. This paper analyzed the degree of orderly development and evolution trend of the agricultural sustainable development system through the annual entropy change. The calculation formula is as follows: In the process of system development, the entropy variance mainly comes from two parts: the increase of entropy generated in the internal operation of the system and the exchange of entropy between the system and the external environment. This paper analyzed the degree of orderly development and evolution trend of the agricultural sustainable development system through the annual entropy change. The calculation formula is as follows:
where:
The calculated results of the system's annual entropy changes are shown in Table 6 . The annual and total entropy changes of each subsystem are shown in Figures 4 and 5 respectively. 
Analysis of Results
Analysis of the Overall Sustainable Agricultural Development in Chengdu
As shown in Table 5 , Figure 2 , and Figure 3 , sustainable agricultural development in Chengdu was stable and has advanced. From 2003 to 2017, the total score of development level in Chengdu increased from 0.054341 to 0.072442 with an average annual growth rate of 2.07%. The development levels of the economic and education subsystems were ahead of the other subsystems in most years, which provides an important driving force for sustainable agricultural development in Chengdu. The economic, social, educational, and population subsystems also had obvious upward trends. The annual growth rates in the economic, social, environmental, educational, and population subsystems were, respectively, 2.09%, 4.78%, 0.10%, 3.14%, and 0.22%.
(1) Economic Subsystem
The sustainability of the economic subsystem increased at an average annual growth rate of 2.09%. The per capita disposable income of the agricultural residents grew the fastest, at an average annual growth rate of 13.03%, followed by the per capita gross agricultural production 
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(1) Economic Subsystem The sustainability of the economic subsystem increased at an average annual growth rate of 2.09%. The per capita disposable income of the agricultural residents grew the fastest, at an average annual growth rate of 13.03%, followed by the per capita gross agricultural production (7.17%). The reason the economic subsystem as a whole did not have faster growth was possibly because of the per capita grain production, which, from 2003 to 2009, had little fluctuation or change, and after 2009, it went into a period of decline, especially in 2011 and 2015. Another reason could be that the natural population growth rate began to increase in 2011. Chengdu has a lot of economic policy support, such as a "Five-Year Plan" for Agricultural and Rural Economic Development. Such policies enable Chengdu to modernize agricultural development and build a well-off society at a high speed.
(2) Social Subsystem Sustainable development in the social subsystem had an average annual growth rate of 4.78%, which is the largest annual growth rate of the five subsystems. Chengdu has laid the foundations for increasing rural incomes, has focused on narrowing the income gap between urban and rural residents, and has improved rural living conditions. The per capita living area of rural residents continued to grow (2.50%). Innovative reforms in rural areas were also implemented, with urban and rural integration achieving some positive results, as reflected in the average annual urbanization growth rate of 1.60%. The rural development in Chengdu is rising, and the living standards of the rural population improved each year, laying a good foundation for rural societal development. In the Agricultural and Rural Economic Development Planning of 2017, the Chengdu Municipal Government will promote the growth of farmers' income and constantly improve the level of rural construction. (3) Environmental Subsystem The environmental subsystem rose in a fluctuating manner, and its annual average growth rate was the smallest among the five subsystems, with only 0.10% growth. However, the overall level of development in the past 15 years has risen, and the level of development from 2012 to 2015 was the fastest among the five subsystems. This indicates the development of green agriculture in Chengdu has been the focus for the government and has been well implemented in recent years. Although the use of pesticides (−0.81%) and agricultural fertilizer (−0.46%) decreased each year, the use of agricultural plastic film (3.81%) increased rapidly, causing instability in the overall development of the environmental subsystem.
To solve this problem, in 2018, Sichuan Province implemented Regulations on Agricultural Eco−environmental Protection, which included supervision, dynamic detection and evaluation, and pollution prevention and control systems as well as a lower classification protection system for agricultural eco-environmental pollution. (4) Educational Subsystem Educational subsystem development had an apparent upward trend, with an average annual growth rate of 3.14%. The education system in Chengdu improved each year, with the number of general colleges and universities increasing by nearly 100%, from 29 in 2004 to 56 in 2014, and an average annual growth rate of 4.81%, after which it remained steady from 2014 to 2017. The number of teachers and students in general institutions of higher learning increased significantly with respective average annual growth rates of 7.67% and 7.40%. However, the illiteracy or semi-illiteracy rates in the rural areas did not change significantly from 2004 to 2017. However, overall higher education development has risen rapidly, and many achievements have been made in strengthening education reform, standardizing school administrations, and improving public service education levels. Generally speaking, among the five subsystems, the development level of the education subsystem commanded the leading position. Chengdu's education investment efficiency is high, and policy implementation is in place. By improving the overall quality of resources across the board, this makes the promotion and application of agricultural science and technology more efficient, which, in turn, provides and encourages more support for the sustainable development of agriculture. Based on the theory of dissipative structure, this paper analyzed the evolution trend and orderly development degree of the agricultural sustainable development system in Chengdu through the annual entropy change. Figures 4 and 5 show the evolution trends and orderly degrees of the agricultural system and its subsystems intuitively.
Analysis of Figure 4 shows that, during 2003−2017, the change of entropy in each subsystem was negative, and the total entropy of the subsystem decreased by varying degrees. This indicates that the sustainable agricultural development system of Chengdu has developed, in general, in an orderly way. This has also shown that with the government's attention to agriculture, Chengdu has achieved good results in the development of its subsystems. However, there were variances in the entropy changes of each subsystem. Entropy decelerations of social, environmental, economic, and educational subsystems were faster, and that of the population subsystem was slower. It is necessary to coordinate the development of each subsystem in the future. Figure 5 shows that, from 2003 to 2017, the total entropy of the Chengdu agricultural sustainable development system was negative. The total entropy of the system decreased gradually. From 2011 to 2017, deceleration of the entropy slows down gradually. It shows that through continuous development and evolution, the sustainable agricultural development system in Chengdu has developed towards a more orderly state and gradually towards a dynamic and balanced state.
Conclusions
Based on the theory of dissipative structure, this paper established a sustainable agricultural development evaluation system for Chengdu with five subsystems-economy, society, environment, education, and population-and a measurement model using entropy weight theory. Finally, based on the data of the Chengdu Statistical Yearbook, the sustainable development level of agriculture in Chengdu from 2003 to 2017 was evaluated comprehensively. The following conclusions are drawn.
(1) The sustainable regional agriculture development system in Chengdu has five main elements: the economy, the society, the environment, education, and population. As the sustainable regional agricultural development evolutionary process was found to have a dissipative structure, the theory of dissipative structure was deemed suitable for evaluation. (2) The overall development in Chengdu was found to increase each year; however, the development in each subsystem was different [20] . All in all, in terms of development speed, the education subsystem developed the fastest. This was followed by growth of the economy and population subsystems. The environment subsystem experienced the slowest growth. At the level of overall development, the economic subsystem took the lead. The education subsystem provides the foundation and has the most impact on supporting sustainable agriculture development. This was then followed by the environment subsystem, while the social and population subsystems occupied the lower end in the hierarchy. (3) Education was chosen as a key measure for progress and could be used as a new dimension in future evaluations. In future research, the cultural and educational levels as well as the population growth of the region could be taken as key dimensions in sustainable development assessments.
However, this study has some limitations. Sustainable development requires sustainability, coordination, and fairness. Therefore, while this paper focused on an analysis of the sustainability of agricultural development in Chengdu, there were no indicators for fairness. In addition, in establishing the dissipative structure of the subsystem, two new perspectives-cultural education and population growth-were included as subsystems; however, as there are many factors that impact sustainable agricultural development, five subsystems may be inadequate. These issues are to be further explored in future research.
